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Investigation of Transportation Planning Method for Saving Energy
—Analysis of Relation between Transportation Modes and Transportation Services for Commutation in Metropolitan Area—

by Y. Sunaga
Abstract

In order to relieve excessive concentration to Tokyo urban area, transfer of the capital, distribution of a part
of the function to some core cities in environs of Tokyo urban commuting area, and enhancement of the activity of
central cities in the provinces, have been discussed. In general, these cities having populations around 500,000 persons,
increasingly depend on road traffic, it is essential to establish public transpoetation systems such as railways, in order
to reduce energy consumption in transportation and to improve urban environments. So, relation of modes of trans-
portation to the service levels are analyzed.

4 central cities in the provinces, 4 core cities in environs of Tokyo urban commuting area, and 23 ku in Tokyo
are selected, and data of the 1990 population census are used for the analysis. As the result, a prediction formula on
share by mode of transportation, that is applicable to every urban commuting areas having populations around 300,000
or over in Japan, is developed. :

The results of estimation by changing some parameters on transportation services, show that shortening access
time and train operation interval is effective to improve share of railways in short distance trips, and increase of train
velocity or decrease of motor vehicle velocity is also effective in long distance trips.

Basic statistical factors about commuting trip in metropolitan area are summarized, for example, relation of propor-
tion of persons commuting from the suburbs to the central cities, to commuting time, average velocities of motor vehi-

cles and trains, and so on.

(Komae Research Laboratory Rep No. T96002)

Pk 8 4 7 H29 A &E)
*ERWELE ERWRER

mam DOCUMENT 15

- 7



de =2
B X

RIE—MEFIC L 2HENENRE L L THEBREB RS EB LT~ DT
%, WHEBHOEEARIFERIN TS, R EL S5 AO5005 ABi#EDERT
i, EFEERCENDKFEIB  k->TETE), B LREWENHE
BFEOLNLZBEEREOLEEITE > T b, BEREFED, AEBFHXLLT
HIBRBEDFERICEHES T 5 LERC, =F0X— - BIRB L URIBERIBEN#HRIC
LMNMMATE D, HHBHELERFED LNRERICERTEZET7HTH S,

B #Y

BEBEL EDIRANX—HE» AL CREBEAMO/NE WER/FH LI EERE %
Eif L LB AT LANDE—FZ )L 7 M2 L 2Ex & L BEWRERR O
*BEWE LT, BEEEEE NRICKETR ELET - X EDORESITL,
HENE) LBEL CNE I ARTEL AT LANDEBREZIRET 5 720N E Y —
E2XER & ZDMREALPICT S,

EHRBRE
BEREENDBEREZ SN T 5L L DI, $BEL DY —E RV EEE

L TEHHBEORBFESHELZTFHT 2TELHBL, B ABTHES AT LI

VB —E 2B 2H L2 LTz,

1. £ED AO5075 AFHEDEE % I RIK23X 2 &7z 9 & HRBIC DWW T,
E#REET— 7 2RI HZBETFER (LB BB EAFHE D ER) L B —
B2V EDERIESTRIT o2, T ORRE, MHEOMERE, $hE -
B L ORFHE, T 7 ARMB L UTEDOEZMBOS A ESEFERICER
HEL 52 bRFTHLIEPHLPIC -2, TOFFICLEY, K4S %
79 2 &K £EEMTEICEE TR 2 NATBEFRSEROERER 21587,
ERAROEEBEREIZ0.78 THEBEME L WHEEZRL, ZhzBvwizgalEaH
FEOFTAMITERME S22 —FL 72 (K1),

2. FERERREMCT, SBHEOLESMEAHE ¥ 17 - LR, WS
IR L 2RI BBUORAERBE S —KRL, ERXE, BEHBEEIZETS
LM HFFIZEETH O OGHEBEAMED, BT —EZALV-~ULTIIITHATE
L EHBELPITE 5T,

3. WBY—EAV~INDRT 2 —F 2B THEZT, MEHETIT 722
R & BB OGEHEY, BEE CIISENEER LA 2 i HEIEOEEE
THSESIHENR LT 2 HERFTH LT L ERMIRLE (K2),




SESEER . (BEFIAER / GE+BDEAAZR
BEROHDHURICONWTHHFEI LIcEs

100
ey
0 ﬁ:ﬁzaz/fgj
80 .
70 //'M\. &
- oo L)
S >
o 50
% S EEEEIEET
H#( 40 g :
30 < :’/h
20 <~-—-r’/
% X
10 ' 7 hRER T
. 7 L

0 10 20 30 40 50 60 70 80 90 100
FHEE (%)

M1 SESHENEE & ERE L D HE

100
. T

BaEoER (%)

—o--40 40 10 30
— o~ -40 40 30 30
—o—40 40 30 60

0 5 10 15 20 25 30
E#E (km)

B2 BT —EAL~LEFHEE



1. R ATE  ceeeeeettie e e et te et ettt re et ettt te et e e aseetsaaeaes 5
2. BWHASBOIIRIIHT  cooreeeverrr e 7
2. 1 BRBEFEEBOITFINE—  BEEEMOHEE o, 7
2. 2 ERHIASEDREIELAL  cooveevvereremerrrem 9
2. 3 EENEEEEFIAASEFEYDE[F]  coovveererrerrrrrrmeeerm e 10
2. 4 EHHEEEFIFAZETEE DAE] oo 11
3. BEY—VFPAL NIV EFARZEERLEOBERERIRIHT  cccoooveerrrereerreeiinn. 14
3. 1 APHTIRTE  ceeveertrerme i e s 14
3. 2 HIRBIAIAT  evreeeeneeermememeti i e e e 16
3. 3 2EOELTFASERESHREIRIL  ccoverererererrrerrmern s 17
4. GEBLIVEHBIEIC L DFTER D HEE  crroeverrrerrerr i 19
5. EFHBEP.OLETHAOBEE SR EBESEFEEERL] oo 20
B . TE LD reeererrrireietrneitieei ittt ta et ettt bt r ettt e e te ettt ae st 29
T T LT T CIITRITPITIPPPPPPR 23
BREETLHR  ooevvereeeseenm i e e e e ban e e 23




1. EFAME

EBHAO LRI F-HERII2EDU%
ZHEY, TRNF—FEOI% ZHHITKEL
T3, HEOT AT 4 —EWPRE
LT, EHWEHMAO 5D 5B EITEL ML
THD, TRIVF—HEFEBEA S EMERIC
HD. BILFRNF—LBERKENZH Lo
TWa, EHIRMADOCO.. NOHEHIH D
%, BEUEZEPLET—F NI T M EoxE
PEFRINTWEN Y| MBS L
DREBHR T AT 4 —EBEODIZ D NEN

O, FBEIINITHETLTNWS, LEN>T.

HRE THEATREAMO/NI WE IR F—
RBEATADHO BT D EN, &
HHFOBELIXNF—2ED TN L THE
ThHDd,

WENS, GEFROT /L —NEOHFL
WRE AT L, BIERERORFFTEB IV
HHETEICBENT, TERO TR I NICE
DWERBEREIIA<ITTONTWS, XEFE
BEOTFREE LT, ERIIREBRRE RS
RABEICEDSEFETINNEZ<<HAVSATY
5, TOHETE, REORERCHHOT
HOBRIC, XBOY—EARHRBEEALESE
BaniTuwhahok, ZHNITHL, BETIE
T — FRABICKORDZRBFESLIN—

NBRRERICHE D < FEFEFVRBREN,

HLUWERHZES AT LOFTEEOBIZHN
5NB5EI-7=8, RALBESND
ETFINOHBENKREL, +HLT—Y D%
SN UMERTERNENS RN
H5. FEFETINTIE, BLOH—ERE
ROFZEIZDWTHHL TWBSHILH D,
R0 SN A R SY Y AN -2 b b= A 6 i o
SHIRICRESI NS,

A, FITKET, HBEIEICXDAK
BREOREFENRNS., HEEZEOH

FICEREPWELEREEE (TDM) 28
BEfHINEX51Cho7, DBRETS,
BMEMEOGEMAELEREREEZENEL
T, HHERBEOWH EAHZTBEOREZE
MUAREBREEE2EATIEENDHS ',
HARIZBIT 2 INETOREEEIL. HE
HORBEREOHMEEEEZD LIRERER
FHIL, BERCHEOHEREZREL T
EWIHEBEBHBEOHLDOTHo ", Fi.
Sl - NARREDORBBERE, EREZR. B
KBEEH, RBEICKXDREMELERD RPN
FTNENERD, REBEFTESERE S SE
T NAZEDONFEZBIZDOWTHILIZRES N
TW3, AHEZBEEMIFERHEZE>TNS
2®, OB ETHREDKDILD I EAKE]
BELTHO., HEITDODWTI, REENT
HEMTEHRE LORENRERTH > .
DX, BEONAREDE L XE
FETHINEZBEERLIM I EEEEZ LD,
B IR R IME N BBV EAZE D 7= 0 DE RE R
ENFHBEELLUTHEETZENWDI AR, &
ENEHRTDEDDEENENSH D LM
FTLUHEEN TR, 512, CO:®NO«.
HERECIIREEELEZREIZANELT
L 288, DETBEOEDDESERIZ
BEITDHEINIAMNEN»S BEENEED
N3, PV T, BEREMOBHEERELT
HUSEBREELSLIDPPEZIESZIZSNO
A MIIZERITH D, HHREREICHRD
ZENS, BUEREDZDDA > 7 T2\
BRELULTEML., HYBESEZHERNER
BEBHENESNTLBE T, kEDDO
A7 ENA, TS50, R—KT
PRV VT MR ERF T I THRKRK
EnREohtTtns,
INETOHADKBEFETIEELRILF
—RRERE DD O HBEAEMEBE L
EenTwiehok, LML, §BRE-




FNF—HEOBEERENETETHERT S Z
LIdMET, BEATY., MEHOEHREED
W, FEafiEaob tCREIAT L EE
REIZ222<EKBRZ2EZ2ETHEE
nzst,

EBEHREWTIE LY — T, CO HeH
D=0 OBFIXR, MEHK . SEEEH
B EBMESITXDE—F N7 MEEXMKRR
CORBHRODEE, TEEEFEZAN
iIal—ya ikVRAELTWS, #
DOFEFR, E—F N7 MEERENRD TK
ERPREFOIEMHASHITE> TDB P,

¥z, SOBEIIEARNICEEE OREXICHE
LTWwa0izw L., BEEIMEEELERAD
HEWEICEL THB0, MEORHMEENL &
HEEIC X > THME XN REIC RS, L
AL, RBFEOHREIHEZED RGN
ZEFEIITHNTE ST, $iEOEMIL,
TNEHERTRKEOREREDRATN S KA
TEIBEEET N TWE, —H., KEHTER
BEBZEETHICHERSERBEL2ETS
E, FIEESET I EICE > TAOOHHIE
AR E N, FEREEENREST S~
W, B4 OWAREME, KEMEERET
b, T T, HOERICH 7= 7B B 8 2 5
RITDIEETNBICEED, XBEFEEH
fTHIORBREERZRNELOTEDIRE
ENTW3 Y, TEARBEELZHOT
B, FIERHOFEVWIL— K, TEY—-EXL
NNVOBE VBT 7R T2EEZ2 515,
L7 T, BLRNF—BIUREENS
HlRERERY NT— 7 HBERIUORTEFE
BOREE S ERDDZENTENE. Zh
KHEETAHRIRERELZFETD LS,
Z@EF Y N OEAEEERT I ERT
ELUREMEND B,

ST, Ba ORE#BEOBXERDH
BLEIRINF—E BE/REOTMME LT

MR, BLxI)F— - BEMKEILT, &
g ks EREAIMRIIEBERANHD 0. EXSF
BAOKZB AT LAOBBNEHTHD &
ZHSMIUZ. §bb, HLETHADN
ANULEDOKEBEET, HLLRES AT A
DEAZZTDNIIE S AT b OFIEHER
EizkoT, BRAEICLSHEERDI0% N
PERZBI AT AIEBRTES LIREL 28
BOAELRINF—LREREDREREL &,
TORE., TXINF—HEEBLULCO H
HER2EHOREHZNMO20%EE. N
O HFHBIZIS%EENBINZ EEEIN
7o

iz, BEERHHEICOWT, BRHAERA
KOS ERROANHERMNE NN v T
EHGEFIAICHEBR LGS, 12~15%ELx
NF—ERhBdZENREINTWE Y,
NFBRROSE, BEEMRB IOHERMZ
REELEDHDT, X—2 7T > RI1 Rk
REDEGET 7 L ADKETH 2D DELR
WF—DPUEEERDBZEEZRL TS, —H.
kAN OMEEERE N U TRV Y CHENE
MOBLKHEBEICERLZHE. 10~15%0
IRNVF—HEEZHBTESEREINTY
%, ZITiE. EXHBHEOMEDIZIZHRK
LARIWTHEHEL TE O, SHBHENY T —
DR EICED., EXREHEOMEMNM L
L7GEITE, SSICKEBREIRILF—O
THEMEDRH D EERLTNS,

BlEZ. BIROMH2aHRICL R TH
LM, ZOMIZ, FILHAHBEDEESIE
i - REMBAO IR N F—HEEZHE/MET
DO ORBELHFIABEERFTL T
WBE D NH BN, I TESEREEL
Twizl, £k, BREEOHFRERZOAD
PP AT OISED L CERTER
DOENEZEBL TIXINF—FliZ2fToTW
21 HH B,




2. #HIBEORKSH
2.1 BERBFROIFINF— - BIEH
T D LEE

BEHEBREAO LRI F—2E,. CO.HH
EBLUNORARZEKT S, TXRILF
—HEEZ VBEEO2ERGT—% ' &
AWnkED, COHHBIZDWTIEIINEE

2.1k NORERE[

DFEBENF—% Y 2HWE NOJFRERIC
DWTIRIBEE DG T—F U Mo RHE
fLERD, 19BFEDOTRNF—HEENS
FIFEEDCO:. NOHHERLUTAFOY
FOORBEMERDE, ChoORREEE2.

1%, B2

2ERBIUE 2.

3&EITRLE,

IHIZKBTTHNOBERIZEBEBIZDWTIR, &
ERPEEENLEREMHOHMEDLZITR
TWEOHBHEOETRENELS, TX)IF

(19864 %)

Table 2.1 NOx Generation per Energy Consumption by Modes of Transportation
ek - AR | R IFXNF—HER NOxFR4ERE REAr
(keal) (NOME : ) (g/kcal)
SEEN 1494. 58X 10" 2 174. 1X10° 1. 16x107*
RHHE 260. 83X 102 88. 9% 10° 3. 41x107*
INA 15. 60x10*? 42.6x10° 27.31x107*
SE B 3.44%10'2 13.1X10° 38.07X107*
= ) 31. 66X 102 - 1. 16x107*

$2.2% MEHEZICHITIZTRNF—EER CO, - NOFAR (1993 FE)

C O [FEHATIF1990FEFEN—RZ, NOx BEEATIX1986FEF~—X
Table 2.2 Energy Consumption, CO. and NOx Generation by Modes in Passenger Transportation

LA 3| ;e | I -HBRR COHHE NOx34ER
FBfY HHE BB AR
(10*°kcal) ( keC ) (10°keC) ( keNO - ) (10°kgN02)
10%kcal 10%kcal
HEHARHH LV 34,182 0. 7658 26, 177 0. 00341 116. 6
HERFEMHE LPG 2,033 0. 6833 1, 389 0. 00341 6.9
EE3::JApA 2l 376 0. 7839 295 0. 02731 10. 3
BERNZ i 1, 361 0. 7839 1, 067 0. 02731 37.2
JR (&) BN 2, 306 0. 4532 1, 045 0.00116 2.7
GEgEL) |8BMW 221 0. 7839 1173 0. 03807 8.4
B (B gh 1, 537 0. 4532 697 0. 00116 1.8
(GEBE) | B 19 0. 7839 15 0. 03807 0.7

£2.3% KREHXCBIIAFOHYIRAF—HEE,
Table 2.3 Energy Consumpution, CO, and NOx. Generation per Person per Kilometer

CO,- NOX%@E%

HE R AFo AFoy AFOy AF Oy
I -HEER CO-HHE NOxFEAR
(10° A1) (kcal/AFnm) | (gC/AF1) {gN02/ AF11)
BEMAFERHE 568. 00 602 46. 1 0. 21
HBERFEHE 15. 17 1341 91. 6 0. 46
BEHANA 26. 74 141 11. 0 0. 39
BERANZ 76. 17 179 14. 0 0.49
JR 250. 02 101 4.9 0. 044
B& 152, 71 102 4.7 0.016
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Table 2.4 Energy Consumpution and C0, Generation per Person per Kilometer in Urban Area

AF Y AF oY
L) ] IRNF—HER CO MR
(kcal ~ A¥n) (gC/ A%0)
HEHERE(LPG) 1663 114
4 KEHE HEMEHE O W) 845 65
BT RAR—Z | BRI () 283 22
88 T8 (B 89 4

$2.5% EEBOHNEER (ECofl)

Table 2.5 External Costs by Modes of Transportation (European Comunities)

AEEH i o= % PRREZKIE OB & &
KRS 2 4
>33 26 10
THOLE 1 7
B ErEE 2 37
KEESBE 1 1
et 10{&DM,/4E 2 14
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Table 2.6 Numbers of Commuting Persons over 15 Years Old by Mode of Transportation

158RLA LiEE) - BPEL (1000N) 2 (%)
B OH X E F OB
SERR24E | FBFOSSAE | BIR | WRR24E | BRFN554E
- 59,520 | 49, 259 1. 21 100. 0 100. 0
BT 6, 081 7,326 0.83 10. 2 14.9
i - EEET 8, 732 7, 896 111 14.7 16.0
T NATVT 2, 646 3, 904 0. 68 4.5 7.9
8ok - BRONAEG 866 1,121 0.77 1.5 2.3
BERHELT 99, 051 14, 140 1. 56 37.1 28.7
N — &7~ 137 142 0. 97 0.2 0.3
F— N1 T 2, 766 4.7
HERE 7 7632 809 128 12. 8 16.4
¢l - BEEIREANR 2, 604 2, 609 1. 00 4.4 53
S - EHL SR ERDNA 142 115 1. 24 0.2 0.2
$d - BELEAFHE 443 289 1. 53 0.7 0.6
Sl - EHEEA— ML UIHEE 1, 861 984 1. 89 3.1 2.0
ZOfh 3,169 2,629 1.21 53 5.3
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Table 3.2 Results of Analyses on Relations of Transportation Services to
Share of Transportation (Each Urban Commuting Area)
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Table 3.3 Results of Analyses on Relations of Transportation Services to Share by
Modes of Transportation
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Table 3.4 Comparison between Calculated and Actual Shares of Railways
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BT H T FHEME ES
&R 26 42. 6 31. 6
&3 10 23. 9 26. 4
REX 17 31. 2 35. 7
i 15 31. 86 29. 8
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xE 29 52. 2 64. 1
R 21 65. 6 62. 6
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38 23 87. 7 93. 5
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Table 4.1 Average Velocity of Railways and Motor Vehicles in Urban Commuting Area
& B B B =

B | SR | D | ERERE | EEE [ BME | BEb | EXEE | WEHEE
(km/h) {(km/h)
2R 33 1. 430 0. 037 41.9 33 1. 514 0.014 39. 6
= 17 1. 367 0. 091 43. 9 16 1. 466 0. 033 40. 9
REAR 26 1. 458 0. 097 41.2 31 1. 579 0. 029 38.0
i 18 1. 819 0. 106 33.0 25 1. 579 0. 017 38.0
TE 43 1. 284 0. 032 46. 7 32 1. 471 0. 018 40. 8
e 50 1. 342 0. 055 44, 7 31 1. 696 0. 035 35.4
BER 47 1. 320 0. 051 45. 4 22 2.102 0. 070 28. 5
AETF 57 1. 427 0. 040 42.1 21 2. 027 0. 077 29.6
RE 98 1.273 0. 029 47.1 23 2. 499 0. 065 24,0
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Table 5.1 Proportion of Commuting Persons from the Suburbs to the Central City

AR JIE K %% a R? T A
&R 43 1. 0262 0. 0499 0. 7033 t com=21
B 26 1. 1142 0. 0565 0. 7775 t com=1T
REAR 59 1. 2385 0. 0581 0. 8530 t com=20
Eif 26 1. 9809 0. 0613 0. 8497 t com=26
T 59 0. 2920 0. 0333 0. 4959 t com=25
- KE 57 0. 2583 0. 0546 0. 6471 t com=19
3N 51 0. 3359 0. 0616 0. 8516 t com=20
NEF 60 0. 5003 0. 0565 0. 8948 t com=22
H 23K 140 1. 2068 0. 0261 0. 6687 t com=34
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